Several studies indicate that the use of integrated production systems, such as integrated crop-livestock-forest systems (ICLF), improves the quality of the soil and consequently the sequestration of organic carbon in the soil. In this way, this work aims to evaluate the carbon stocks in soil under different management systems in the Cerrado/Amazonia transition zone, namely: ICLF, no-tillage, pasture and eucalyptus plantation. For this, two soil samplings were done in 2011 and 2014, in the 0 -5, 5 -10 and 10 -30 cm layers. Soil carbon and nitrogen stocks were analyzed. ICLF system was the treatment that obtained the highest percentage of carbon gain (7.8%) after three years of establishment which represents to an increase of 5.5 Mg·ha −1 . Management systems, such as ICLF, with minimal soil disturbance combined with crop rotations that contribute to the quantity and quality of residues input, increase soil organic matter content. Carbon stock data show the potential of ICLF systems to increase soil carbon stocks.
Introduction
Until the end of the last century, agriculture development was based on the expansion of new areas for cultivation, leading to the deforestation of large areas of native forests and natural ecosystems [1] , resulting in losses of environmental services. According to [2] , approximately 55 to 90 Pg of soil C have been lost from managed areas since the advent of agriculture, being one of the main causes of degradation and consequent decline of soil fertility.
As described by [3] and [4] , while ensuring food security, there is an urgent need to reduce the impact of food production on the climate [5] and to improve the resilience of food production to future environmental changes [6] , [7] . According to the projections of the Intergovernmental Panel on Climate Change (IPCC), the agricultural sector will be greatly affected by global climate change with impacts on its productivity, management and spatial distribution of crops.
Thus, it is necessary to change the paradigm of agriculture with the use of management practices that favor the positive balance of physical and chemical attributes of the soil, such as increasing of C, N, water retention, reduction of soil loss by erosion and leaching. 
Material and Methods
The sampling areas were located on experimental field at the Embrapa Agrosilvopastoral Research Center (11˚51'S, 55˚35'W; 384 m asl) in Sinop, State of Mato Grosso, Brazil. The mean annual temperature is 25˚C and mean annual rainfall is 2.550 mm [14] . The soil of the experimental site is classified as a Red Yellow
Latosol (Oxisol) [15] , a Udox [16] . The soil is a well-drained clay (32% sand, ); BD is the bulk density (Mg·m
th is the thickness of the soil layer (cm), and S is the stone content.
The amounts of carbon and nitrogen stocks were corrected by the equivalent mass method [21] :
where Cs/Ns correspond to the stock of carbon or nitrogen (Mg·ha Comparison of means was done by using standard errors values and the differences were attributed to the management systems, since evaluated treatments and Native Forest area presented similar soil type and topography. ).
Results and Discussion
Three years of ICLF promoted changes in soil C and N stocks (Table 1) . Despite the similar values of carbon stocks in soil under Pasture and ICLF treatments, after three years, ICLF contribute to increase total carbon stock by 5.5
Mg·ha −1 in the 0 -30 cm layer. This result indicates that ICLF could be promising to improve soil carbon sequestration and nutrient cycling.
According to [22] , significant increase in soil C stocks is only possible under a management system that reduces degradation of soil organic matter as well as contributes to increase N in the soil-plant system. In the ICLF system, pasture contributes to great amounts of high C/N ratio residues, providing an increase in the persistence of soil cover. However, high C/N ratio residues could reduce N availability for crops [11] , [23] , [24] .
On the other hand, leguminous crops in the rotation system, such as soybeans, can provide a significant source of N for the subsequent crops [25] . [10] attributed the increase of total carbon in soil under crop-livestock integration systems to the combination of maize with brachiaria. According to the authors, higher deposition of plant residues combined with slower degradation rate of the residues could contribute to increase soil organic matter. On this context, brachiaria call attention, because of the well-developed root system, distributed along the soil profile.
Additionally, the tree component (eucalyptus) in the ICLF system is also an important carbon sink, because of its high potential to accumulate large amounts of carbon in the woody biomass and to provide more recalcitrant residues [26] . [27] observed that ICLF promoted higher carbon stocks when compared to an integrated crop-livestock system, no-tillage and native vegetation, not only in the surface layer, but also in deep soil layers (1 m). The higher carbon stocks observed for ICLF was attributed to the deposition of the crop residues on the soil surface, but also the greater amounts of residues provided by pasture and trees in deeper soil layers.
According to [28] , the highest concentration of C in the soils under ICLF systems is likely due to the combination of pasture and forest on the same area, since both ICLF components have high capacity to accumulate carbon in deeper soil layers through accretion and deposition of organic material resistant to degradation.
Combined with minimal soil disturbances that favor carbon protection [8] , [29] , all these mentioned benefits provide by ICLF systems could contribute to the increase of soil carbon stocks. [30] and [31] suggested that the use of legumes, combined with a greater diversity of species in succession or crop rotation, such as the ICLF, significantly increase C and N retention in the soil, with important implications for the balance of both elements on a regional and global scale and for sustainable production and environmental quality.
In addition, ICLF systems are the target of public policies to promote a more sustainable and resilient agriculture to climate change in Brazil. The data of this work show that ICLF promotes improvements in the chemical, physical and biological soil conditions, besides promoting increases of the CO 2 removal from the atmosphere, through tree growth and soil carbon accumulation.
Conclusion
After three years establishment, the integrated crop-livestock-forest system showed the highest potential of soil carbon sequestration with values similar of those found under Native Forest. Thus, we consider that ICLF could be an important tool to help Brazil meet its voluntary greenhouse gas emission targets in COP15, especially in agriculture sector. 
